The binding of Candida albicans cells to chitin was examined in a cell-binding assay. Microscopic observations indicated that both living and heat-killed Candida cells bound to chitin-coated substrates. C. albicans preferentially bound to chitin-coated plastic plates over chitosan-coated and uncoated plates. We prepared 125 I-labeled Candida cells for quantitative analysis of their binding to chitin. Heatkilled 125 I-labeled Candida cells bound to chitin-coated plates in a time-dependent manner until 1.5 hours after start of incubation at 4℃. The binding of 125 I-labeled Candida cells to chitin-coated plates was inhibited by adding unlabeled living or unlabeled heat-killed Candida cells. The binding of Candida to chitin was also reduced by addition of 25 mg/ml chitin or chitosan up to 10%. N-acetylglucosamine （GlcNAc） , which is a constituent of chitin, inhibited binding of Candida to chitin in a dose-dependent manner between 12.5 and 200 mM. Glucosamine, which is a constituent of chitosan, showed no such inhibitory effect. These findings suggest that the binding of Candida to chitin may be mediated by recognition of GlcNAc.
Introduction
Candida albicans colonizes a wide range of living organisms, especially the mammalian gastrointestinal tract 1） . The first step of Candida colonization is considered to involve binding to the mucosal or epithelial tissues, possibly through interaction with cell-surface molecules. We postulated that chitin or N-acetylglucosamine （GlcNAc） on the cell surface may play important roles in the early steps of binding between Candida cells and various tissues, because GlcNAc is known to function as a key molecule for Candida cells to recognize the environment, followed by signal transduction for regulation of cellular metabolism 2） .
There have been many studies of binding between Candida cells and the host epithelial or endothelial cells 3） , and it has been believed to be related to the sugar components, including GlcNAc and chitin 3） . Binding was shown to be mediated by macromolecular receptors called adhesins 3, 4） , one of which was suggested to bind to the host epithelial components, including GlcNAc, because binding was inhibited by the presence of excess GlcNAc 5） . Critchley et al.
isolated and characterized an adhesin designated as EP（extracellular polymeric material）from C. albicans, which inhibited binding of Candida to buccal cells
6）
. The inhibitory effect was increased by pretreatment of EP with endoglycosidase H（endo-β-N-acetylglucosami-nidase） 6） , and
Candida binding was also inhibited by excess GlcNAc
7）
. Although it has been suggested that Candida cells bind to chitin（a GlcNAc biopolymer） , there have been no reports regarding whether Candida cells could bind directly to chitin.
Chitin is a major sugar component of the living world on earth; it is a major constituent of the insect cuticle. The binding of Candida cells to chitin-rich insect cells has not been reported. Xylella fastidiosa, a vector-borne bacterium, was found to colonize the chitinous mouthparts of insects 8） . Many recent reports indicated that
Candida species colonize the insect gut under natural conditions 9−11） .
Although chitin and GlcNAc have been suggested to play important roles in adhesion of Candida to host cells, information about the direct binding of Candida to these molecules is lacking. In this study, we found the direct binding of Candida cells to chitin and characterized the binding properties.
Materials and methods

Yeast isolate
The C. albicans strains, TIMM1768 and TIMM2640, recovered from the feces and genital area of patients with candidiasis, respectively, were stored at -80℃ in Sabouraud dextrose broth （Becton Dickinson, Sparks, MD）containing 10% glycerol. For preparation, strains were seeded on Sabouraud dextrose agar plates（SDA plates; Becton Dickinson）at 37℃ for 20 hours. Candida colonies on the SDA plates were scraped off, harvested with a microspatula, and resuspended in 1:3 diluted RPMI1640 medium（Sigma Chemical Co., St. Louis, MO）with double-distilled water （DDW）containing antibiotics, HEPES buffer（pH 7.2） , and 0.8%（v/v）fetal calf serum. Suspended C. albicans cells were diluted to 10 7 cells/ml.
Chemicals
Reagents were obtained from the following sources: GlcNAc D-glucosamine hydrochloride, glucose, and chitin were from Wako Pure Chemical Industries Ltd.（Osaka, Japan） ; chitosan was from Sigma-Aldrich（St. Louis, MO） ; Bolton-Hunter reagent（ 125 I-diiodinated, NN-NEX120H）was from PerkinElmer（Waltham, MA） .
Coating of 96-well ELISA microplates with chitin or chitosan Chitin and chitosan were suspended at 2 mg/ml or 200μg/ml, respectively, in DDW. Aliquots of 100μl of these suspensions were added to each well of 96-well ELISA plates（F96 MAXISORP Nuncimmuno plates; Nunc, Roskilde, Denmark）and dried completely overnight at 60℃.
Preparation of heat-killed C. albicans C. albicans TIMM1768 and TIMM2640 cells diluted to 10 7 cells/ml were placed into 50 ml plastic tubes （Greiner Bio-One, Kremsmünster, Austria）in a volume of 5 ml, warmed at 95℃ in a water bath for 10 minutes, and allowed to cool in water at 25℃. The suspensions were warmed and cooled once again in the same manner. After cooling, aliquots of 50μl of heat-killed Candida suspension were seeded on SDA plates and cultured at 37℃ for 20 hours to confirm that the cells had been killed by heat treatment. Direct observation of C. albicans adherence activity to chitin-or chitosan-coated microplates Chitin-or chitosan-coated microplates were preincubated with 1: 3 diluted RPMI1640 medium containing 1% BSA at 4℃ for 0.5 hours. Unlabeled living and unlabeled heat-killed Candida cells of the strains TIMM1768 and TIMM2640 were prepared as 2 × 10 6 cells per 100μl of 1:3 diluted RPMI1640 medium containing 1% BSA, and the cells were added to chitin or chitosan-coated microplates. After 1. 5 h incubation at 4℃, the wells of the microplates were washed three times with 1: 3 diluted RPMI1640 medium containing 1% BSA. The Candida cells adhering to chitin or chitosan were observed under an inverted microscope（IX70; Olympus, Tokyo, Japan）and images were captured with a digital camera（SP-320; Olympus） connected with an NY-SP350 adapter（Olympus） .
Labeling of heat-killed Candida cells with BoltonHunter reagent Bolton-Hunter reagent（0. 2 mCi; 9. 25 MBq）in benzene was evaporated under a stream of dry air, and the vapor was trapped by a volatile radioiodine trap filled with charcoal. Heat-killed Candida cell suspension（0.5 ml）at a concentration of 2 × 10 9 cells/ml was added to the residue.
After gentle mixing by pipetting, the suspension was kept for 15 minutes at room temperature according to the platelet labeling method 12） . The labeled heat-killed Candida were washed twice with HEPES buffer solution（137 mM NaCl, 2.7 mM KCl, 1 mM MgCl2, 5. 6 mM HEPES（pH 7. 35） ）and three times with HEPES buffer solution containing 1% BSA. After washing, cells were suspended in 0.5 ml of HEPES buffer containing 1% BSA. Heatkilled and labeled Candida cells were divided into aliquots of 50μl in Eppendorf tubes and frozen at -80℃. 
Results
C. albicans adhered to chitin-coated plastic plates
Two different strains of C. albicans, TIMM1768
and TIMM2640, were examined for adhesion capacity to chitin-or chitosan-coated plates by microscopy. As shown in Fig. 1 , adhesion to culture plates coated with chitin was observed for both live and heat-killed Candida, and for both strains, TIMM1768 and TIMM2640 （a1, b1, c1, and d1） . Adhesion of Candida cells to culture plates coated with chitosan was also observed for both live and heat-killed cells of both strains（a2, b2, c2, and d2） , but the degree of binding was less than that to chitin. Live and heat-killed C. albicans of both strains showed little adhesion to uncoated wells （a3, b3, c3, and d3） . There were no differences between living and heat-killed as murine oral candidiasis in our previous experiments. The binding capacity of Candida to chitosan-coated wells as shown in Fig. 2 Inhibitory effects of chitin, chitosan, monosaccharide GlcNAc, and glucosamine on specific adhesion of 125 Ilabeled heat-killed Candida cells to chitin-coated plates The adhesion specificity of 125 I-labeled heatkilled Candida cells to chitin was examined by inhibition assay using homogeneous suspensions of chitin or chitosan. The results indicated that a concentration of 25 mg/ml（2.5 mg/well）for both chitin and chitosan inhibited adhesion of 125 Ilabeled heat-killed Candida cells to chitin-coated plates（Fig. 5） . As these polymeric sugars, chitin and chitosan, consist of the monosaccharides GlcNAc and glucosamine, respectively, we next examined the inhibitory effects of soluble GlcNAc and glucosamine. These monosaccharides showed different inhibitory effects on adhesion of 125 I-labeled heat-killed Candida cells to chitincoated plates. As shown in Fig. 6 , GlcNAc inhibited the adhesion of labeled cells in a dosedependent manner, while glucosamine did not show a significant inhibitory effect.
Discussion
In this study, we found that C. albicans cells bound directly to chitin. Microscopy and the RI technique indicated significantly greater binding of Candida to chitin than to chitosan, which consists of more than 75% deacetylated chitin. In addition, binding to chitin was inhibited by the presence of homogeneous suspensions of chitin or GlcNAc but not glucosamine. These results suggested that the binding of Candida to chitin is induced by recognition of GlcNAc determinants.
Although the binding of Candida cells to epithelial cells has been investigated in several studies, direct binding between Candida cells and chitin molecules was not examined in these studies. In addition, there are a number of differences between the experiments described here and those of previous reports. First, in previous reports, the GlcNAc receptor of C. albicans was isolated from EP and was shown to be a heatlabile, DTT-and 0. Although we used heat-killed Candida cells to detect the binding capacity in this study, and the situation is likely to be more complex in vivo, the properties of Candida binding to chitin described here may be useful in the search for new methods and new agents to block binding of Candida to host tissues.
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